The management practices farmers choose have significant effect on agricultural pollution. The authors analyze the adoption of alternative combinations of conservation practices and their impacts on fertilizer use, corn yield, and soil erosion in the Central Nebraska Basin, using a polychotomous-choice selectivity model. The results suggest that soil N testing and corn-legume rotation complement each other, but that the interaction between conservation tillage and rotation is more complicated. Th1s research was partially supported by the U.S. Environmental Protection Agency, Region VII. under C)orerati ve Agreement X007822-0 1-1.
who use more nitrogen. A direct comparison of theN application rates of adopters with those of nonadopters will underestimate the effect of soil N testing in reducing nitrogen applications. \Vhen self-selection exists, the effect of a management practice cannot be directly estimated by simply including a dummy variable into the regression. Instrumental-variable techniques are the procedure to be used crvraddala, pp. :?.60-1 ).
An analysis that includes all crop management decisions is desirable not only because crop management decisions are often made jointly, but also because it is necessary to evaluate the effects of alternative combinations of crop management practices. For example, suppose tam1ers who adopt crop rotation are also more likely to adopt conservation tillage. If crop rotation is not considered, simply comparing soil erosion levels across fields that adopt different TJllage s:vstems will underestimate the effect of conservation tillage in reducing soil erosion if crop rotation increases soil erosion. Similarly, if farmers who rotate their crops are less likely to J.dopt soil N testing, simply comparing nitrogen application rates of adopters with those of nonadopters will underestimate the etiects of soil N testing in reducing nitrogen use.
In this paper. we model fam1ers' adoption of conser./ation tillage, rotation, and soil \l Lesting for the central Nebraska com area. We then assess the impacts of various combinations of these practices on fertilizer use, com yield, and soil erosion. The comprehensive Area Study data collected by the U.S. Department of Agriculture are used to conduct the empirical analysis.
The database includes detailed information on crop management practices and land characteristics for each field in the sample, as well as socioeconomic characteristics of the farm and operators. Thus. it allows a joint analysis of farmers' management decisions. We use a polychotomous-choice selectivity model (Lee) to control for sample selection bias. This model has been used by Hay to examine the specialty choice and specialty income for physicians, but \Ve found no other application of this technique. One-choice selectivity models have been applied to various economic issues. For example, Cooper and Keirn and Fuglie and Bosch applied it to the adoption of farm management practices. Lee and Trost applied it to the problem of housing demand, with choice of owning or renting. Willis and Rosen applied the model to the problem of education and self-selection. But these are switching regression models that can only be used to analyze dichotomous decisions. Our polychotomous-choice selectivity model has at least two advantages over models of specific management practices. First, it can be used to evaluat~? alternative combinations of management practices, as well as individual practices.
Second, it accounts for both self-selection and the interaction between alternative practices. As such, it should provide more accurate estimates ofthe etiects of individual conservation practices.
The Model
Presentation of the polychotomous-choice selectivity model is tailored to our empirical problem. First, farmers' choices of crop management plans (i.e., alternative combinations of tillage. rotation. and nutrient management practices) are modeled. Then the effects of each management plan on fertilizer use and crop yields are estimated, according to plan choice.
The ( 'hoice of Crop Afanagement Plans
Suppose a farmer can choose from N possible crop management plans. Let u; be the farmer's expected utility from choosing plans: ( 1) \Vhere Z is a set of physical and socioeconomic characteristics ofthe farm and operator (e.g .. soil types, farm size. the operator's education and farming experience), and Es is a residual that captures errors in the perception and optimization by the farmer. The farmer's utility from choosing an alternative plan is not observable but the choice of plan is. Let I be a polychotomous index that denotes the farmer's choice of plan.
(2) /=sifandonlyifu; = max(u;, ... ,u~).
It has been shown ( Maddala, p. 60 ) that if the residuals E, are independently distributed \Vith the extreme value distribution, then the choice of crop management plans can be represented by a multinominallogit model:
The multinominal logit model has been widely used in economic applications. including the study of the choice of transportation modes, occupations, asset portfolios, and the number of automobiles demanded. Caswell and Zilbennan (1985) use the model to examine the choice of irrigation technologies in California. The main limitation of the multinominal logit model is the assumption of independence of irrelevant alternatives. This assumption asserts that the relative choice probabilities for any two alternatives are independent of the other available choices. This is a convenient property \Vith regards to estimation. but it is an unappealing restriction to place on fanner behavior.
An alternative to the multinominallogit model is the multinominal probit modeL in which the residuals E, in the utility functions are assumed to have a multivariate normal distribution. However, a multinominal probit model with more than t\VO choices cannot be estimated efficiently with the existing econometric techniques (Greene 1993. pp. 662-63) . A second alternative is the nested logit modeL which can he derived from the assumption that the residuals E, in the utility functions have a generalized extreme-value distribution (Maddala. p. 70) . Although this model is computationally tractable, it requires specification of a nesting structure or sequence of decisions on the choice of management practices. A third alternative to the multinominallogit model is the multivariate probit model (Greene 1993. p. 660) . in which a utility function is assumed for each management practice rather than each management plan: (Greene 1993. pp. 662-63 ) . Because of the difficulties with potential alternative procedures. we use a multinominallogit model to represent the choice of alternative crop management plans.
[tis often convenient to normalize the multinominallogit model in (3). Note that the probability ratios can be vvTitten as 
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Equations (6) and (7) represent the normalized multinominallogit model.
The coefficients in a multinominal logit model are difficult to interpret. The marginal et1ects of explanatory variables on the choice of alternative management strategies are (Greene
cf> (
The sign and magnitude of these marginal efiects have no direct relationship with any specific coefficient. They depend on the sign and magnitude of many coefficients. Thus, it is important to determine the statistical significance of these effects. The asymptotic covariance matrix of h, (Greene 1991, p. -+ 78) is
1s the identity matrix.
It is also interesting to determine the effects of various factors on the choice of a specific management practice. Suppose a practice is used in management plan 1 to N 1 • The probability that a farmer adopts this conservation practice is s,
The marginal effects of explanatory variables on the pc can be obtained by differentiating ( 1 0) \Vith respect to the explanatory variables and substituting (8) into the result: Lee suggested a t\vo-stage method for estimating equation (12). In the first stage, the normalized multinominallogit model in (6) and (7) is estimated. The estimated model is then used to predict (14) exp(Z'y J P, = --.,.,..-.
t~l which is then used to calculate 1, = ¢(<!J- (Greene 1991. p. 620 ) are
where r· is the matrix of regressors used in (15) including ). e'e n' 1 > ~ u"" = __ I -' + u"" -
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The marginal etiect of a variable that appears in both X and Z on Yin the observed sample consists of two parts:
( 1 9) The first part is the direct effect of changes in ·\ on the mean of ~-. The second part is the effect of changes in x, on the probability of adopting plan 5. For example, suppose farmer education reduces N applications and increases the probability of adopting soil N testing and that soil N testing reduces N applications. The marginal effect of farm education on N applications has two parts: one due to its influence in increasing the probability of adopting soil N testing and the other due to education's effect on N application rates within the group. As such, the coefficient on education in regression overstates its marginal effect on N applications for the adopter of soil 1\ testing and understates it for the nonadopter.
This model can also be used to estimate the effects of adopting management plans.
Suppose at least one practice is used in management plans 1 toN -1. and no conservation practice is used in plan N. Consider a fanner with characteristics (XJ, Z 1 ) who has adopted management plan s. where s < N. Then the expected value of Y for this farmer is
The last term in (20) reflects self-selection; that is, the farmer who has adopted management plan 1 may behaYe differently from a randomly selected farmer \Vith the same characteristics. If the farmer had not adopted any conservation practice ( I= :V ), the expected value of Y for this bm1er \Vould have been
rhus. the expected change in Y due to the adoption of management plans is
The tirst term in the right-hand side of (22) is the expected change in Y that would result from adopting management plan s on a randomly selected farm with ( XJ, Z 1 ) . The second term accounts for self-selection. The expected change in Y due to adoption of management plans in the region equals the weighted average of (22) over all farms that have adopted the plan, with \Veights determined by field size.
Data
The Area Study data collected by the U.S. Department of Agriculture (USDA) for the Central "-:ebraska Basins were used to conduct the empirical analysis. The data were collected for three The management practices considered in this study include conservation tillage. cornlegume rotation, and soil N testing. Conservation tillage was not divided into no-till and reduced till categories because no-till was used on only 3.7 percent of com acreage in the study area.
Com was regarded as being rotated w·ith a legume crop if both com and a legume crop \Vere grO\vn in the field in the 1989-91 period. Conservation tillage. rotation. and soil N testing constitutes eight possible combinations or plans. Table 1 shows the percentages of com acreage that \Vere cultivated under these plans. Table 2 shows the interdependence of alternative conservation practices. Clearly. soil N testing was more frequently adopted for continuous com, while conservation tillage and comlegume rotation \Vere more frequently adopted together. The adoption of conservation tillage and sod :\ testing seems negatively correlated. but the relationship is \veak.
Definitions and summary statistics of variables used in this analysis are given in Table 3 .
All variables \vere weighted by field size in calculating these statistics. Thus. they are representative of the study area. Conservation tillage was used on 57.5 percent of com acreage in the 1989-91 period. Com was rotated with a legume crop on 39.3 percent of com areas. Soil N tests \vere conducted on 50.9% of com acreage. Of these three choice variables. conservation tillage and soil N testing vary by both field and year, while rotation varies only by field. The impacts of management practices on com yield and N and P application rates were evaluated. :\ dummy \·ariable was used to indicate whether a tield was irrigated. In the study area.
63 . .:+percent of com acreage was irrigated in the study area. Dummy variables were also included to indicate whether manure was applied in the tl.eld and \vhether N fertilizer was hroadcast. Five physical variables were included to describe soil properties and topography in the sampled fields. Several other variables were also considered but not included in the final analysis. These included the age of farm operator, soil permeability, and year dummies.
The multi nominal logit model of crop management plan was estimated by using the TSP's LOGIT procedure (Hall) . The procedure estimates the marginal etTects of independent variables on the choice of crop management strategies. but does not indicate statistical s1gnitl.cance. The variances of these marginal etTects were estimated separately by using the package· s ANAL YZ function.
Factors Affecting Adoption of Conservation Practices
Parameter estimates for the multinominallogit model of crop management decisions are presented in Crop rotation was adopted more frequently by farmers who had more farming expenence.
suggesting that experience increases a farmer's knowledge of the long-term benefits of crop rotation. Crop rotation was adopted less frequently on irrigated fields, indicating that irrigation reduces the payoff from crop rotation and increases the opportunity cost (costs of idling the irrigation system) of growing less water-intensive crops such as soybeans. Crop rotation vvas also less likely to be adopted by large farms and by farms that own the land. To the extent that crop rotation is one way to diversify the risk of total crop failure, this result suggests that large farms and farms who ovvn the land are more able to aiTord farming risk.
Adoption of soil N testing was significantly atTected by farmers' education, crop insurance. government commodity programs, and field and soil characteristics. As with conservation tillage. soil N testing was adopted more frequently by farmers with college education. Although farming experience was positively correlated with adoption of soil N testing, the correlation was not statistically significant. Crop insurance increases adoption of soil "i testing. As Fuglie and Bosch point out, the purchase of crop insurance may be an indication of risk aversion. And risk-averse farmers are more likely to adopt risk-reducing technology such as soil )I testing. Soil N testing \vas adopted more frequently on irrigated fields, reflecting large potential payotis from soil N testing for irrigated fields because of high N application rates associated with irrigation. Large farms were also more likely to have soil :-1 tested. presumably because these fam1s were able to spread the fixed costs of soil N testing across more acreage.
Clay percentage, organic matter content available water capacity, and land capability class were also statistically significant at the I percent level in some of the management plans. This demonstrates the importance of soil properties in the choice of cropping practices.
The Effects of Alternative Combinations of :Management Practices
J-:quations for fertilizer Nand P application rates. corn yield, and soil erosion rate were estimated fnr each crop management plan by including the ;_ variables from the multinominallogit model.
The results are shovm in Tables 6 through 9 . There is strong evidence that self-selection \JCcurred in the adoption of crop management plans. All coetlicients of A, in the soil erosion equations are statistically significant at the 1 percent leveL and so are the most coetlicients of ;_, 1t1 the yield and N application rate equations. These results suggest that these crop management plans \vould not have the same etTects on nonadopters. should they choose to adopt. as it would on adopters.
The coefficients of many variables in the regressions change signs and are somewhat difficult to interpret. However. the signs of coefficients on variables that have been the focus of past studies are consistent \Vith previous findings. The coefficients on crop insurance are either negative or statistically indifferent from zero in the yield and N application rate equations. This suggests that farmers \vho purchased crop insurance had both lower N application rates and com y1elds than they would have had if they had not purchased crop insurance. This finding is consistent with studies by Smith and Goodwin; Quiggin. Karagin, and Stanton; and Babcock and Hennessy who examined the effect of crop insurance on Midwest grain farmers. The coefficients on the com program variable indicate that farmers who participated in the program used more nitrogen fertilizer and produced higher com yields. This finding supports the argument that past commodity programs encouraged more intensive farming practices (Just and Antle) . But it appears that the program did not increase soil erosion rates in the study area during the period. In fact the coefficients of the com program variable in the soil erosion equations are either negative or statistically indifferent from zero, indicating that the com program might have actually reduced soil erosion. This reduction may be attributed to the conservation compliance that made eligibility for participating in government commodity programs conditional on farmers implementing their conservation compliance plans on highly erodible land. All coefficients on irrigation in the yield equation are statistically significant at the 1 percent level. Only one irrigation coefficient in theN application rate equation is negati\e. but this coefficient is statistically inditlerent from zero. These results show that irrigation signit1cantly increased corn \ 1elds and~ application rates.
To determine the actual etlects of alternative management plans on fertilizer use. corn \ ield. and soil erosion rate. the input-output decisions of farmers who adopted management plans i tt 1 7 are compared with \vhat they \Vould have been if the farmers had adopted the conventional rian (plan 8). The differences (Equation 22) are weighted by the t1eld size and aggregated for each management plan. The results are shown in Table 10 . For farmers who adopted plans 1 and 5. the average Nand P application rates \vere signitlcantly lower and the average corn yield \vas significantly higher than they \vould have been if the farmers had adopted the conventional plan. \Vhat these tvvo management plans have in common is that both include the use of crop rotation and soil N testing. This t1nding may ret1ect that information from soil N testing enables farmers to properly credit the N fixed by the legume crops.
The use of management plans 2 and 6. \vhich include crop rotation but not soil ~ testing. reduced N application rates but not com yield. The reduction inN application rate under plan 2 was smaller than under plan 1. and the same comparison can be made for plans 5 and 6.
This indicates that when soil ;-J testing is not used with crop rotation. farmers may not be ahle to properly credit the :-J fixed by legume crops. As a result, some farmers may apply more nitrogen than needed to reach their targeted com yield. while others may apply less. Although on average these fam1ers still use less nitrogen than they would under plan 8. the average yield will not be significantly affected.
Adoption of management plans 3 and 7 significantly increases both N application rate and com yield. \Vhat these two plans have in common is that both include the use of soil N testing hut not crop rotation. This result suggests that soil N testing may actually increase N applications on continuous com. The increase inN application rates was profitable because the increase in marginal value of the product was greater than the cost of soil :..I testing and additional N use. The price ofN fertilizer was $0.15 to $0.:?.5 per pound. The cost of soil N testing was about $0.60 per acre. Given that the com price \vas above $2 per bushel in the J 989-91 period, it was profitable to adopt these management practices.
For all management plans that include the use of soil N testing, the predicted change in a\ erage com yield is 16 bushels per acre or more, while for all management plans that do not mcludc the use of soil ~testing, the predicted change in average corn yield is five bushels per acre or lower. The predicted changes in average P application rate are alv.;ays negative.
Compared with the conventional management plan, all management plans that include c:onservation tillage are predicted to reduce the soil erosion rate.
The effects of management plans on fertilizer use, com yield. and the soil erosion rate \Vere estimated for each sampled field. These etTects vary from field to field, depending on soil properties and field and farm characteristics. A management plan may increase fertilizer use on one field but decrease fertilizer use on others. :..Jo management plan is predicted to increase or decrease fertilizer use or corn yield on all fields. This finding suggests that mandating the use of specific management practices may not be an etTicient way to reduce nonpoint pollution.
Concluding Remarks
Substantial research has focused on adopting individual conservation practices and their economic and environmental implications. But many conservation practices are interdependent.
In order to determine the effects of alternative combinations of conservation practices, it is necessary to conduct joint analysis of these conservation practices.
In this paper, we analyze the adoption of alternative combinations of conservation practices and their impacts on fertilizer use, corn yield, and soil erosion in the Central Nebraska Basin. A polychotomous-choice selectivity model is used to account for self-selection in choosing alternative conservation practices and the interaction bet\veen them.
Our results suggest that soil N testing and com-legume rotation complement each other.
Soil ~ testmg enables farmers to properly credit theN fixed by legume crops. And a cornlegume rotation increases the value of soil N testing. The interaction between conservation !5 tillage and rotation is more complicated. Farmers who adopted both conservation tillage and rotation reduced soil erosion rates more than farmers who adopted only one of them; hmvever.
farmers \vho adopted only one of them still reduced their N application rates. The results of this study also show that total benefit from adopting two or more conservation practices simultaneously does not equal the sum of the benefits from adopting each management practice separately. This demonstrates the importance of conducting joint analysis of altemative management practices. 
